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(ii) For batch sampling, fill the sam-
ple medium and record its mean HC 
concentration. 

(6) Record this value as the initial HC 
concentration, xHCinit, and use it to cor-
rect measured values as described in 
§ 1065.660. 

(7) If xHCinit exceeds the greatest of the 
following values, determine the source 
of the contamination and take correc-
tive action, such as purging the system 
during an additional preconditioning 
cycle or replacing contaminated por-
tions: 

(i) 2% of the flow-weighted mean con-
centration expected at the standard. 

(ii) 2% of the flow-weighted mean 
concentration measured during testing. 

(iii) For any compression-ignition en-
gines, any two-stroke spark ignition 
engines, or 4-stroke spark-ignition en-
gines that are less than 19 kW, 2 µmol/ 
mol. 

(8) If corrective action does not re-
solve the deficiency, you may request 
to use the contaminated system as an 
alternate procedure under § 1065.10. 

§ 1065.525 Engine starting, restarting, 
and shutdown. 

(a) Start the engine using one of the 
following methods: 

(1) Start the engine as recommended 
in the owners manual using a produc-
tion starter motor and adequately 
charged battery or a suitable power 
supply. 

(2) Use the dynamometer to start the 
engine. To do this, motor the engine 
within ±25% of its typical in-use crank-
ing speed. Stop cranking within 1 sec-
ond of starting the engine. 

(b) If the engine does not start after 
15 seconds of cranking, stop cranking 
and determine why the engine failed to 
start, unless the owners manual or the 
service-repair manual describes the 
longer cranking time as normal. 

(c) Respond to engine stalling with 
the following steps: 

(1) If the engine stalls during warm- 
up before emission sampling begins, re-
start the engine and continue warm-up. 

(2) If the engine stalls during pre-
conditioning before emission sampling 
begins, restart the engine and restart 
the preconditioning sequence. 

(3) If the engine stalls at any time 
after emission sampling begins for a 

transient test or ramped-modal cycle 
test, the test is void. 

(4) If the engine stalls at any time 
after emission sampling begins for a 
discrete mode in a discrete-mode duty 
cycle test, void the test or perform the 
following steps to continue the test: 

(i) Restart the engine. 
(ii) Use good engineering judgment to 

restart the test sequence using the ap-
propriate steps in § 1065.530(b) 

(iii) Precondition the engine at the 
previous discrete mode for a similar 
amount of time compared with how 
long it was initially run. 

(iv) Advance to the mode at which 
the engine stalled and continue with 
the duty cycle as specified in the 
standard-setting part. 

(v) Complete the remainder of the 
test according to the requirements in 
this subpart. 

(d) Shut down the engine according 
to the manufacturer’s specifications. 

§ 1065.530 Emission test sequence. 
(a) Time the start of testing as fol-

lows: 
(1) Perform one of the following if 

you precondition sampling systems as 
described in § 1065.520(f): 

(i) For cold-start duty cycles, shut 
down the engine. Unless the standard- 
setting part specifies that you may 
only perform a natural engine 
cooldown, you may perform a forced 
engine cooldown. Use good engineering 
judgment to set up systems to send 
cooling air across the engine, to send 
cool oil through the engine lubrication 
system, to remove heat from coolant 
through the engine cooling system, and 
to remove heat from an exhaust 
aftertreatment system. In the case of a 
forced aftertreatment cooldown, good 
engineering judgment would indicate 
that you not start flowing cooling air 
until the aftertreatment system has 
cooled below its catalytic activation 
temperature. For platinum-group 
metal catalysts, this temperature is 
about 200 °C. Once the aftertreatment 
system has naturally cooled below its 
catalytic activation temperature, good 
engineering judgment would indicate 
that you use clean air with a tempera-
ture of at least 15 °C, and direct the air 
through the aftertreatment system in 
the normal direction of exhaust flow. 
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Do not use any cooling procedure that 
results in unrepresentative emissions 
(see § 1065.10(c)(1)). You may start a 
cold-start duty cycle when the tem-
peratures of an engine’s lubricant, 
coolant, and aftertreatment systems 
are all between (20 and 30) °C. 

(ii) For hot-start emission measure-
ments, shut down the engine. Start a 
hot-start duty cycle within 20 min of 
engine shutdown. 

(iii) For testing that involves hot- 
stabilized emission measurements, 
such as any steady-state testing, you 
may continue to operate the engine at 
fntest and 100% torque if that is the first 
operating point. Otherwise, operate the 
engine at warm, idle or the first oper-
ating point of the duty cycle. In any 
case, start the emission test within 10 
min after you complete the precondi-
tioning procedure. 

(2) For all other testing, perform one 
of the following: 

(i) For cold-start duty cycles, prepare 
the engine according to paragraph 
(a)(1)(i) of this section. 

(ii) For hot-start emission measure-
ments, first operate the engine at any 
speed above peak-torque speed and at 
(65 to 85) % of maximum mapped power 
until either the engine coolant, block, 
or head absolute temperature is within 
±2% of its mean value for at least 2 min 
or until the engine thermostat controls 
engine temperature. Shut down the en-
gine. Start the duty cycle within 20 
min of engine shutdown. 

(iii) For testing that involves hot- 
stabilized emission measurements, 
bring the engine either to warm idle or 
the first operating point of the duty 
cycle. Start the test within 10 min of 
achieving temperature stability. Deter-
mine temperature stability either as 
the point at which the engine coolant, 
block, or head absolute temperature is 
within ±2% of its mean value for at 
least 2 min, or as the point at which 
the engine thermostat controls engine 
temperature. 

(b) Take the following steps before 
emission sampling begins: 

(1) For batch sampling, connect clean 
storage media, such as evacuated bags 
or tare-weighed filters. 

(2) Start all measurement instru-
ments according to the instrument 

manufacturer’s instructions and using 
good engineering judgment. 

(3) Start dilution systems, sample 
pumps, cooling fans, and the data-col-
lection system. 

(4) Pre-heat or pre-cool heat exchang-
ers in the sampling system to within 
their operating temperature tolerances 
for a test. 

(5) Allow heated or cooled compo-
nents such as sample lines, filters, 
chillers, and pumps to stabilize at their 
operating temperatures. 

(6) Verify that there are no signifi-
cant vacuum-side leaks according to 
§ 1065.345. 

(7) Adjust the sample flow rates to 
desired levels, using bypass flow, if de-
sired. 

(8) Zero or re-zero any electronic in-
tegrating devices, before the start of 
any test interval. 

(9) Select gas analyzer ranges. You 
may use analyzers that automatically 
switch ranges during a test only if 
switching is performed by changing the 
span over which the digital resolution 
of the instrument is applied. During a 
test you may not switch the gains of an 
analyzer’s analog operational ampli-
fier(s). 

(10) Zero and span all continuous 
analyzers using NIST-traceable gases 
that meet the specifications of 
§ 1065.750. Span FID analyzers on a car-
bon number basis of one (1), C1. For ex-
ample, if you use a C3H8 span gas of 
concentration 200 µmol/mol, span the 
FID to respond with a value of 600 
µmol/mol. 

(11) We recommend that you verify 
gas analyzer response after zeroing and 
spanning by flowing a calibration gas 
that has a concentration near one-half 
of the span gas concentration. Based on 
the results and good engineering judg-
ment, you may decide whether or not 
to re-zero, re-span, or re-calibrate a gas 
analyzer before starting a test. 

(12) If you correct for dilution air 
background concentrations of engine 
exhaust constituents, start measuring 
and recording background concentra-
tions. 

(c) Start testing as follows: 
(1) If an engine is already running 

and warmed up, and starting is not 
part of the duty cycle, perform the fol-
lowing for the various duty cycles. 
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(i) Transient and steady-state ramped- 
modal cycles. Simultaneously start run-
ning the duty cycle, sampling exhaust 
gases, recording data, and integrating 
measured values. 

(ii) Steady-state discrete-mode cycles. 
Control speed and torque to the first 
mode in the test cycle. Follow the in-
structions in the standard-setting part 
to determine how long to stabilize en-
gine operation at each mode and how 
long to sample emissions at each mode. 

(2) If engine starting is part of the 
duty cycle, initiate data logging, sam-
pling of exhaust gases, and integrating 
measured values before attempting to 
start the engine. Initiate the duty 
cycle when the engine starts. 

(d) At the end of the test interval, 
continue to operate all sampling and 
dilution systems to allow the sampling 
system’s response time to elapse. Then 
stop all sampling and recording, in-
cluding the recording of background 
samples. Finally, stop any integrating 
devices and indicate the end of the 
duty cycle in the recorded data. 

(e) Shut down the engine if you have 
completed testing or if it is part of the 
duty cycle. 

(f) If testing involves another duty 
cycle after a soak period with the en-
gine off, start a timer when the engine 
shuts down, and repeat the steps in 
paragraphs (b) through (e) of this sec-
tion as needed. 

(g) Take the following steps after 
emission sampling is complete: 

(1) For any proportional batch sam-
ple, such as a bag sample or PM sam-
ple, verify that proportional sampling 
was maintained according to § 1065.545. 
Void any samples that did not main-
tain proportional sampling according 
to § 1065.545. 

(2) Place any used PM samples into 
covered or sealed containers and return 
them to the PM-stabilization environ-
ment. Follow the PM sample post-con-
ditioning and total weighing proce-
dures in § 1065.595. 

(3) As soon as practical after the duty 
cycle is complete but no later than 30 
minutes after the duty cycle is com-
plete, perform the following: 

(i) Zero and span all batch gas ana-
lyzers. 

(ii) Analyze any gaseous batch sam-
ples, including background samples. 

(4) After quantifying exhaust gases, 
verify drift as follows: 

(i) For batch and continuous gas ana-
lyzers, record the mean analyzer value 
after stabilizing a zero gas to the ana-
lyzer. Stabilization may include time 
to purge the analyzer of any sample 
gas, plus any additional time to ac-
count for analyzer response. 

(ii) Record the mean analyzer value 
after stabilizing the span gas to the an-
alyzer. Stabilization may include time 
to purge the analyzer of any sample 
gas, plus any additional time to ac-
count for analyzer response. 

(iii) Use these data to validate and 
correct for drift as described in 
§ 1065.550. 

(h) Determine whether or not the 
test meets the cycle-validation criteria 
in § 1065.514. 

(1) If the criteria void the test, you 
may retest using the same 
denormalized duty cycle, or you may 
re-map the engine, denormalize the ref-
erence duty cycle based on the new 
map and retest the engine using the 
new denormalized duty cycle. 

(2) If the criteria void the test for a 
constant-speed engine only during 
commands of maximum test torque, 
you may do the following: 

(i) Determine the first and last feed-
back speeds at which maximum test 
torque was commanded. 

(ii) If the last speed is greater than or 
equal to 90% of the first speed, the test 
is void. You may retest using the same 
denormalized duty cycle, or you may 
re-map the engine, denormalize the ref-
erence duty cycle based on the new 
map and retest the engine using the 
new denormalized duty cycle. 

(iii) If the last speed is less than 90% 
of the first speed, reduce maximum 
test torque by 5%, and proceed as fol-
lows: 

(A) Denormalize the entire duty 
cycle based on the reduced maximum 
test torque according to § 1065.512. 

(B) Retest the engine using the 
denormalized test cycle that is based 
on the reduced maximum test torque. 

(C) If your engine still fails the cycle 
criteria, reduce the maximum test 
torque by another 5% of the original 
maximum test torque. 

(D) If your engine fails after repeat-
ing this procedure four times, such 
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that your engine still fails after you 
have reduced the maximum test torque 
by 20% of the original maximum test 
torque, notify us and we will consider 
specifying a more appropriate duty 
cycle for your engine under the provi-
sions of § 1065.10(c). 

§ 1065.545 Validation of proportional 
flow control for batch sampling. 

For any proportional batch sample 
such as a bag or PM filter, demonstrate 
that proportional sampling was main-
tained using one of the following, not-
ing that you may omit up to 5% of the 
total number of data points as outliers: 

(a) For any pair of flow meters, use 
the 1 Hz (or more frequently) recorded 
sample and total flow rates with the 
statistical calculations in § 1065.602. De-
termine the standard error of the esti-
mate, SEE, of the sample flow rate 
versus the total flow rate. For each 
test interval, demonstrate that SEE 
was less than or equal to 3.5% of the 
mean sample flow rate. 

(b) For any pair of flow meters, use 
the 1 Hz (or more frequently) recorded 
sample and total flow rates to dem-
onstrate that each flow rate was con-
stant within ±2.5% of its respective 
mean or target flow rate. You may use 
the following options instead of record-
ing the respective flow rate of each 
type of meter: 

(1) Critical-flow venturi option. For 
critical-flow venturis, you may use the 
1 Hz (or more frequently) recorded ven-
turi-inlet conditions. Demonstrate that 
the flow density at the venturi inlet 
was constant within ±2.5% of the mean 
or target density over each test inter-
val. For a CVS critical-flow venturi, 
you may demonstrate this by showing 
that the absolute temperature at the 
venturi inlet was constant within ±4% 
of the mean or target absolute tem-
perature over each test interval. 

(2) Positive-displacement pump option. 
You may use the 1 Hz (or more fre-
quently) recorded pump-inlet condi-
tions. Demonstrate that the density at 
the pump inlet was constant within 
±2.5% of the mean or target density 
over each test interval. For a CVS 
pump, you may demonstrate this by 
showing that the absolute temperature 
at the pump inlet was constant within 

±2% of the mean or target absolute 
temperature over each test interval. 

(c) Using good engineering judgment, 
demonstrate with an engineering anal-
ysis that the proportional-flow control 
system inherently ensures proportional 
sampling under all circumstances ex-
pected during testing. For example, 
you might use CFVs for both sample 
flow and total flow and demonstrate 
that they always have the same inlet 
pressures and temperatures and that 
they always operate under critical-flow 
conditions. 

§ 1065.550 Gas analyzer range valida-
tion, drift validation, and drift cor-
rection. 

(a) Range validation. If an analyzer 
operated above 100% of its range at any 
time during the test, perform the fol-
lowing steps: 

(1) For batch sampling, re-analyze 
the sample using the lowest analyzer 
range that results in a maximum in-
strument response below 100%. Report 
the result from the lowest range from 
which the analyzer operates below 
100% of its range for the entire test. 

(2) For continuous sampling, repeat 
the entire test using the next higher 
analyzer range. If the analyzer again 
operates above 100% of its range, re-
peat the test using the next higher 
range. Continue to repeat the test until 
the analyzer operates at less than 100% 
of its range for the entire test. 

(b) Drift validation and drift correction. 
Calculate two sets of brake-specific 
emission results. Calculate one set 
using the data before drift correction 
and the other set after correcting all 
the data for drift according to 
§ 1065.672. Use the two sets of brake-spe-
cific emission results as follows: 

(1) If the difference between the cor-
rected and uncorrected brake-specific 
emissions are within ±4% of the uncor-
rected results for all regulated emis-
sions, the test is validated for drift. If 
not, the entire test is void. 

(2) If the test is validated for drift, 
you must use only the drift-corrected 
emission results when reporting emis-
sions, unless you demonstrate to us 
that using the drift-corrected results 
adversely affects your ability to dem-
onstrate whether or not your engine 
complies with the applicable standards. 
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